Introduction
============

Elevated intraocular pressure, intermittent or persistent, is often a clinical symptom of glaucoma. Gradual apoptosis of retinal ganglion cells (RGCs) due to elevated intraocular pressure, as well as retinal neovascularization, lead to thinning of retinal nerve fiber layer and visual field damage ([@b1-etm-0-0-6441],[@b2-etm-0-0-6441]). Clinical studies in recent years provided increasing number of evidences that suggest aberrant immune activity may play an important role in occurrence of glaucoma. The response of the immune system to an immune stimulus, such as pathological intraocular pressure elevation, can cause optic nerve damage directly or indirectly, suggesting that the immune system plays an important role in regulation of RGCs ([@b3-etm-0-0-6441],[@b4-etm-0-0-6441]). In the pathogenesis of glaucoma, vascular endothelial growth factor (VEGF) plays an important role in induction of neovascularization ([@b5-etm-0-0-6441]). In an animal study, it was reported that intravitreal injection of VEGF induced formation of new blood vessels, which disappeared following injection of anti-VEGF drug ([@b6-etm-0-0-6441]). Ranibizumab is an anti-VEGF drug that shows good efficacy profile. Cytokines also play an important role in the pathogenesis of glaucoma. The cytokine interleukin-6 (IL-6) binds to the signal transducing transmembrane subunit gp130, thus activating the STAT3 pathway which regulates the expression of Bcl-xL and Bcl-2. Upregulation of anti-apoptotic Bcl-xL and Bcl-2 prevent apoptosis of RGCs ([@b7-etm-0-0-6441],[@b8-etm-0-0-6441]). The purpose of this study was to investigate the effects of intravitreal injection of ranibizumab on the expression of IL-6 and VEGF in peripheral blood and aqueous humor of glaucoma rat model to evaluate the efficacy for treating optic nerve injury.

Materials and methods
=====================

### Animal subjects

Specific Pathogen Free (SPF) SD rats were purchased from Wuhan Hualianke Biotechnology Co., Ltd. (Wuhan, China). The rats, aged 7--11 days and weighing 16--25 g, were fed with SPF ShooBree, rat food obtained from Jiangsu Province Collaborative Pharmaceutical Bioengineering Co., Ltd. (Jiangsu, China). All rats were maintained in a controlled environment with a light/dark cycle of 12 h, a temperature of 21±2°C and a humidity of 30--70%, and were allowed free access to food and drinking water. The food tray and water bottle were replaced 1--2 times a week with fresh food and water. The study was approved by the Ethics Committee of People\'s Hospital of Dongying (Dongying, China).

### SD rat glaucoma model establishment

One hundred and twenty-five SD rats were given intraperitoneal injection of pentobarbital sodium (50 mg/kg). After satisfactory induction of general anesthesia, topical ocular anesthesia was given by instilling oxybuprocaine hydrochloride eye drops (4 g/l) into the conjunctival sac. Then, the rat intraocular pressure was measured three times and the average was recorded. After the rat head was positioned under a microscope (Lufeifan Biotecs, Jiaozuo, China), laser photocoagulation was performed on the scleral vein by using a 532-nm diode laser at 0.075-watt laser power and 0.3-sec duration. Approximately 150 laser burns were delivered in each eye. After the procedure, lincomycin hydrochloride and erythromycin were applied to reduce inflammatory reactions in the eye. On the second day (day 2), a slit-lamp microscopic examination was performed to evaluate corneal edema, conjunctival hyperemia and anterior chamber reaction. Intraocular pressure was measured three times on the day after operation (day 1), day 7, 14 and 21, and the average values were recorded. The rat glaucoma model establishment was successful if the increase of intraocular pressure was no \<15 mmHg on day 7.

After model establishment, the rats were randomly divided into two groups, the control group (n=40) and the observation group (n=40). Rats in the observation group were treated by intravitreal injections of ranibizumab (Shanghai TheraMabs Biotechnology Co., Ltd., Shanghai, China) at a dose of 0.05 ml/day of 10 mg/ml solution. Drug treatment in this group continued until the end of the experiment. Rats in the control group received no treatment.

### Indicators observed

Rats in the two groups were sacrificed by decapitation on day 7 (n=13), day 14 (n=13) and day 21 (n=14) after start of treatment. Seven days before sacrifice, retrograde labeling of all RGCs was performed by bilateral injection of fluorogold (0.5 µl, 50 g/l) into superior colliculi. After rats were sacrificed at the time-points, the retina was harvested. Numbers of RGCs were counted under a fluorescence microscope (Lufeifan Biotecs). In the meantime, whole blood and aqueous humor were collected. The levels of IL-6 and VEGF in whole blood and aqueous humor were determined by using an enzyme-linked immunosorbent assay (ELISA) kit for IL-6 and an ELISA kit for VEGF, respectively (Shanghai Jingkang Biological Engineering Co., Ltd., Shanghai, China).

### Statistical analysis

Statistical software SPSS 19.0 \[AsiaAnalytics (formerly SPSS China), Shanghai, China\] was used in data processing. Measurement data were expressed as mean ± SD. Chi-square test, non-parametric K-S test and t-test were used, respectively, for comparison of rate, comparison between two groups and comparison between different time-points within a group. Comparison between multiple groups was done using one-way ANOVA test followed by post hoc test (Least Significant Difference). Correlations of IL-6 and VEGF with RGCs were examined by using logistic regression analysis. A difference was statistically significant if P\<0.05.

Results
=======

### General information of animal subjects

Of 125 SD rats that were used for establishment of rat glaucoma model, 80 were successful, 15 died (accidental death caused by improper operation) and 30 failed (with the increase of intraocular pressure \<15 mmHg). The success rate was 64%. Rats in the observation group (24 males and 16 females) were aged 8.2±1.3 days and weighed 22.4±3.8 g, and rats in the control group (19 males and 21 females) were aged 9.8±1.6 days and weighed 26.7±4.2 g. The rats in both groups were allowed free access to food and water. There were no statistically significant differences in sex, age and weight between the two groups (P\>0.05). Compared with the intraocular pressure on day 1, the decline started to be statistically significant when the ranibizumab treatment reached day 14 (P\<0.05). The detailed results are shown in [Table I](#tI-etm-0-0-6441){ref-type="table"}.

### IL-6 levels in peripheral blood and aqueous humor of rats in both groups

Levels of IL-6 in peripheral blood and aqueous humor were quantitatively analyzed by ELISA and the results are shown in [Table II](#tII-etm-0-0-6441){ref-type="table"}. In the observation group, the levels of IL-6 in peripheral blood and aqueous humor decreased gradually over the treatment time, and the level of IL-6 on day 21 was significantly different from that on day 7 (P\<0.05). In the control group, the levels of IL-6 in peripheral blood and aqueous humor increased gradually over time, and the level of IL-6 on day 21 was significantly different from that on day 7 (P\<0.05). At the same time-point, the levels of IL-6 in serum and aqueous humor were higher in the control group than those in the observation group (P\<0.05).

### VEGF levels in peripheral blood and aqueous humor of rats in both groups

Levels of VEGF in peripheral blood and aqueous humor were quantitatively analyzed by ELISA and the results are shown in [Table III](#tIII-etm-0-0-6441){ref-type="table"}. In the observation group, the levels of VEGF in peripheral blood and aqueous humor decreased gradually over the treatment time, and the level of VEGF on day 21 was significantly different from that on day 7 (P\<0.05). In the control group, the levels of VEGF in peripheral blood and aqueous humor did not show significant differences between different time-points (P\>0.05). At the same time-point, the levels of VEGF in serum and aqueous humor were higher in the control group than those in the observation group (P\<0.05).

### Rat RGC counts in both groups

Rat RGCs were counted after fluorogold labeling. The count results were shown in [Table IV](#tIV-etm-0-0-6441){ref-type="table"}. In the observation group, the number of RGCs increased gradually over the treatment time. The number difference between day 7 and 14, as well as between day 7 and 21, was statistically significant (P\<0.05). In the control group, the number of RGCs decreased gradually over time. The differences between every two time-points were significant (P\<0.05). At the same time-point, the number of RGCs was lower in the control group than that in the observation group (P\<0.05).

### Correlations of IL-6 and VEGF with RGC counts

Correlations of IL-6 and VEGF with RGC counts were evaluated by logistic regression analysis. The analysis revealed that IL-6 and RGC counts, as well as VEGF and RGC counts, were negatively correlated. As the number of RGCs increased, the levels of IL-6 and VEGF gradually decreased (r=−0.743 and P=0.012 for IL-6; r=−0.675 and P=0.022 for VEGF) ([Fig. 1](#f1-etm-0-0-6441){ref-type="fig"}).

Discussion
==========

Glaucoma leading to optic nerve injury and visual loss is a non-negligible public health issue globally. According to reports, the number of patients with glaucoma could reach up to 80 million in the world, and 6 million in China alone by 2020 ([@b9-etm-0-0-6441],[@b10-etm-0-0-6441]). Glaucoma has a significant negative impact on vision function, however, it does not respond well to treatment of drugs and surgery. The primary goal of current treatments for glaucoma is focused on reduction of symptoms ([@b11-etm-0-0-6441],[@b12-etm-0-0-6441]). In this study, therapeutic efficacy of ranibizumab in treatment of visual impairment due to glaucoma was evaluated by monitoring levels of IL-6 and VEGF, and the correlations of IL-6 and VEGF with visual impairment were examined.

Successful establishment of glaucoma rat model was indicated by a difference of no less than 15 mmHg in intraocular pressures before and after the model establishment. All rats in this study, as well as the rat food, were SPF grade. Experimental results showed that the number of RGCs labeled with fluorogold was higher in the observation group treated with ranibizumab than that in the control group (P\<0.05). Ranibizumab is a recombinant humanized monoclonal antibody fragment. Clinically it was demonstrated to alleviate macular edema, and reduce neovascularization and vascular leakage in patients by effectively antagonizing VEGF ([@b13-etm-0-0-6441],[@b14-etm-0-0-6441]). In this study, the levels of VEGF in rat serum and aqueous humor were determined, and it was found that the VEGF levels of rats treated with ranibizumab were significantly lower (P\<0.05) than those of the control group, and decreased further over time in the treatment. Improvement of VEGF levels by ranibizumab was also reported by Froger *et al* and Molokhia *et al* ([@b15-etm-0-0-6441],[@b16-etm-0-0-6441]). The levels of IL-6 were also measured by ELISA, which showed that the IL-6 levels of rats treated with ranibizumab were significantly lower (P\<0.05) than those of the control group. Similar to VEGF, the IL-6 levels decreased further over time in the treatment as well. Therefore, ranibizumab improved not only the VEGF levels but also the IL-6 levels, which was very important in alleviating the inflammatory response. Currently more studies of ranibizumab were focused on its effect on improving the VEGF levels ([@b17-etm-0-0-6441],[@b18-etm-0-0-6441]) and there has been no report in literature about its effect on improving the IL-6 levels. Thus, this study represents the first study of ranibizumab on its effect on improving the IL-6 levels. Due to using experimental animal model in this study, the findings need further support from studies by larger sample sets and clinical studies. Correlations of IL-6 and VEGF levels with optic nerve injury were also examined in this study. Using RGC count as an indicator of the extent of optic nerve injury, it was found that the RGC count was higher when levels of IL-6 and VEGF were lower, suggesting the levels of IL-6 and VEGF were negatively correlated with optic nerve damage. Thus, lower levels of IL-6 and VEGF indicate lower extent of optic nerve injury. Johnson *et al* reported that elevated IL-6 levels caused damage to the optic nerve head, compromising the axonal integrity ([@b19-etm-0-0-6441]). In Fisher J\'s study, microglia cell survival was increased in IL-6 gene knockout mice ([@b20-etm-0-0-6441]). Microglia cells play an important role in the sequelae of neurological injury. These reports confirmed that increased IL-6 levels resulted in optic nerve injury, which were in accordance with the findings in this study. Bennett *et al* reported that decreased VEGF levels improved papilledema, as well as visual impairment ([@b21-etm-0-0-6441]). This was consistent with our findings. The findings in this study were obtained by establishing and using animal models. Further studies using larger sample set and clinical studies are needed to support these findings.

In conclusion, ranibizumab alleviated optic nerve injury by reducing levels of IL-6 and VEGF in peripheral blood and aqueous humor of glaucoma rat model.
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![Logisitic regression analysis of the association of IL-6 and VEGF and RGCs. RGCs, retinal ganglion cells; IL-6, interleukin-6; VEGF, vascular endothelial growth factor.](etm-16-03-2506-g00){#f1-etm-0-0-6441}

###### 

General information of rat subjects in both groups.

  Items                                           Observation group (n=40)   Control group (n=40)   t       P-value
  ----------------------------------------------- -------------------------- ---------------------- ------- ---------
  Age (days)                                      8.2±1.3                    9.8±1.6                0.226   0.899
  Sex (male/female)                               24/16                      19/21                  0.967   0.645
  Weight (g)                                      22.4±3.8                   26.7±4.2               0.742   0.785
  Intraocular pressure (mm/Hg) after anesthesia   17.1±2.1                   16.7±1.8               0.623   0.812
  Intraocular pressure (mm/Hg) on day 1           27.6±2.1                   28.4±1.5               0.569   0.865
  Intraocular pressure (mm/Hg) on day 7           26.4±1.7                   28.1±2.3               0.857   0.742
  Intraocular pressure (mm/Hg) on day 14          20.4±2.1                   31.1±2.8               2.973   0.037
  Intraocular pressure (mm/Hg) on day 21          17.8±1.9                   31.4±3.1               4.569   0.019

###### 

Levels of IL-6 (pg/ml) in rat peripheral blood and aqueous humor.

                      Peripheral blood   Aqueous humor                                                                                        
  ------------------- ------------------ --------------- ---------------------------------------------------------- ------------ ------------ ----------------------------------------------------------
  Observation group   10.13±2.21         9.03±1.54       7.63±1.24^[a](#tfn1-etm-0-0-6441){ref-type="table-fn"}^    9.45±1.38    8.67±1.52    5.78±1.11^[b](#tfn2-etm-0-0-6441){ref-type="table-fn"}^
  Control group       13.31±1.94         14.96±2.68      15.44±2.49^[c](#tfn3-etm-0-0-6441){ref-type="table-fn"}^   11.44±2.01   12.19±3.11   13.97±2.94^[d](#tfn4-etm-0-0-6441){ref-type="table-fn"}^
  t-test              3.136              3.445           4.237                                                      3.001        3.711        3.952
  P-value             0.031              0.028           0.021                                                      0.034        0.027        0.023

P=0.024, compared with the IL-6 level on day 7 in peripheral blood within the same group

P=0.023, compared with the IL-6 level on day 7 in aqueous humor within the same group

P=0.032, compared with the IL-6 level on day 7 in peripheral blood within the same group

P=0.034, compared with the IL-6 level on day 7 in aqueous humor within the same group. IL-6, interleukin-6.

###### 

Levels of VEGF (pg/ml) in rat peripheral blood and aqueous humor.

                      Peripheral blood   Aqueous humor                                                                                        
  ------------------- ------------------ --------------- ---------------------------------------------------------- ------------ ------------ ----------------------------------------------------------
  Observation group   43.57±6.47         36.14±9.44      31.32±5.33^[a](#tfn5-etm-0-0-6441){ref-type="table-fn"}^   40.14±4.24   34.59±8.33   27.17±3.62^[b](#tfn6-etm-0-0-6441){ref-type="table-fn"}^
  Control group       68.44±11.39        67.45±3.44      66.34±9.54                                                 57.11±5.64   54.64±7.58   55.18±4.49
  t-test              3.115              4.237           4.913                                                      3.445        3.816        4.569
  P-value             0.032              0.021           0.013                                                      0.028        0.024        0.019

P=0.023, compared with the VEGF level on day 7 in peripheral blood within the same group

P=0.018, compared with the VEGF level on day 7 in aqueous humor within the same group.

###### 

RGC counts in both groups.

                      RGC counts                                                                  
  ------------------- -------------- ------------------------------------------------------------ -------------------------------------------------------------
  Observation group   185.41±28.44   191.12±31.32^[a](#tfn7-etm-0-0-6441){ref-type="table-fn"}^   197.24±16.51^[b](#tfn8-etm-0-0-6441){ref-type="table-fn"}^
  Control group       145.25±15.86   128.94±18.54^[c](#tfn9-etm-0-0-6441){ref-type="table-fn"}^   104.39±13.24^[d](#tfn10-etm-0-0-6441){ref-type="table-fn"}^
  t-test              3.012          3.255                                                        4.673
  P-value             0.033          0.027                                                        0.016

P=0.036, compared with the number of RGCs on day 7

P=0.028, compared with the number of RGCs on day 7

P=0.031, compared with the number of RGCs on day 7

P=0.025, compared with the RGCs number on day 7, and P=0.030, compared with the RGCs number on day 14. RGCs, retinal ganglion cells.
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